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Plasmaspherea b s t r a c t
A paper in 2000 (Huba, 2000) found a depression in electron density in the topside ionosphere near the
magnetic equator, based on the SAMI-2 physical ionospheric model. The model showed, for the first time,
the formation of a hole in electron density in the altitude range 1500–2500 km at geomagnetic equatorial
latitudes. The model produced the hole because of transhemispheric O+ flows that collisionally couple to
H+, transporting it to lower altitudes, and thereby reducing the electron density at high altitudes. At that
time and until now, no published observations have been reported to confirm or refute this numerical
result. Recent, new analysis of Dynamics Explorer 1 Retarding Ion Mass Spectrometer measurements pro-
vides the first tentative experimental support for this model result.
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creative-
commons.org/licenses/by-nc-nd/4.0/).Introduction
A 2000 report [1] found a depression in electron density near
the magnetic equator in the topside ionosphere. The result is based
on their SAMI-2 numerical model (Another Model of the Iono-
sphere) that treats the dynamic plasma and chemical evolution
of seven ions species (H+, He+, N+, O+, H2+, NO+, and O2+). The ion
temperature equation is solved for three species: H+, He+, and O+,
as well as the electron temperature equation. The neutral species
are specified using the MSIS86 and HWM93 empirical models.
SAMI-2 solves the plasma equations in an offset, titled dipole frame
of reference. The model showed, for the first time, the formation of
a hole in the electron density in the altitude range 1500–2500 km
at geomagnetic equatorial latitudes. The hole was found to be pro-
duced by transhemispheric O+ flows that collisionally couple to H+,
transporting it to lower altitudes, and thereby reducing the elec-
tron density at higher altitudes. The modeled transhemispheric
O+ flows are caused by an interhemispheric pressure anisotropy
that can be generated by the neutral wind, primarily during
solstice conditions. The formation of the electron depletion has a
seasonal and longitudinal dependence.Retarding Ion Mass Spectrometer Measurements
Retarding Ion Mass Spectrometer (RIMS) [2] measurements
from the Dynamics Explorer 1 (DE 1) satellite from October 13,
1981 through November 16, 1982 were used in this study. The
satellite orbital perigee was at approximately 500 km altitude
and apogee at 4.6 RE geocentric distance. During this time-periodapogee was at high latitudes. Densities and temperatures for H+,
He+, He++, O+, and O++ were obtained by performing first and sec-
ond moment calculations using the RIMS measurements [3].Results and discussion
Figs. 1 and 3 from [1] are reproduced in Fig. 1 here together
with densities for three of the ions, H+, He+, and O+, from DE 1 RIMS
as ratios in blue to the IRI electron density at the same locations
and conditions. As reference, the corresponding IRI ion densities
as ratios to the electron densities are shown in red. Fig. 1a and b
show the model results from [1] for topside ionospheric density
using the anticipated O+ to H+ collision frequency and reduced col-
lision frequency, respectively. The comparison supports the inter-
pretation recounted above, that interhemispheric O+ flow is
found to draw the dominant ion H+ into the ionosphere, hence
reducing the total density near the magnetic equator. The Interna-
tional Reference Ionosphere (IRI) [4] empirical model is used in
Fig. 1 panels c, d, and e together with the RIMS derived densities
for comparison. RIMS measurements are obtained when the space-
craft was inside of L = 2 at all magnetic local times. For the few
densities that are available, the H+ and He+ ratios are progressively
lower than the IRI measurements with decreasing altitude. There
are only a few O+ densities available. What are shown here for O+
suggests that the oxygen ion densities are also reduced relative
to IRI model values.
The model result [1] demonstrates that the transhemispheric O+
flow responsible for ‘‘sweeping” H+ out of these low magnetic
L-shells is caused by an interhemispheric pressure anisotropy that
Fig. 1. SAMI-2 model results [1] are shown in panels (a) and (b) for electron density in the topside ionosphere with realistic and reduced O+ to H+ collision frequency. Panels
(c), (d), and (e) show RIMS [3] derived H+, He+, and O+ density ratios to IRI electron density, respectively using blue symbols. IRI [4] ion density ratios are shown for the same
locations using red symbols.
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expected to occur primarily during solstice conditions. The elec-
tron depletion is found to have a seasonal and longitudinal depen-
dence. These RIMS derived density values cannot fully test the
SAMI-2 results; however, they provide the first suggested empiri-
cal confirmation.
The RIMS densities were obtained during a range of geomag-
netic activity from Kp = 1- to 8, mostly occurring at an intermedi-
ate level near Kp = 3, between October 13, 1981 and November 16,
1982. Most are available during two months starting with the
autumnal equinox. A few, however, occur a month before and
two months after the summer solstice. Solar irradiance as reflected
by f10.7 ranges from about 100 to 300, but is primarily centered
near 150, at intermediate levels.
In Summary
The systematic behavior of RIMS H+ density relative to the IRI
model provides the first empirical suggestion that the SAMI-2model finding of a density ‘‘hole” in the topside, equatorial iono-
sphere represents the physical behavior of this region. Few obser-
vations are otherwise available to provide a better statistical
assessment. A direct comparison of SAMI-2 predicted and RIMS
measured ion density values should be sought in the future as a
more direct evaluation of the SAMI-2 model results.
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